Objective: This systematic review aimed to assess the effectiveness of community-based health worker (CBHW) interventions for early detection of cancer. Secondary aims were to consider the extent that interventions were based on theory, and potential moderators including behaviour change techniques (BCTs).
| BACKGROUND
In 2013, The World Health Organization (WHO) published their global action plan for the prevention and control of non-communicable diseases, including cancer. 1 The WHO recognize that not all cancers are preventable, and so health services are urged to focus on diagnosing cancer earlier in order to increase survival rates and reduce costs associated with treating the disease. 2 To facilitate this, more interventions aimed at "down-staging" cancers such as increasing uptake of screening programmes are warranted. 3 Even though recognition of cancer signs and symptoms is relatively high, 4 attendance rates for cancer screening have decreased in recent years in the UK and USA. [5] [6] [7] Barriers to attending screening or raising a cancer-related health concern with health care professionals remain including language/cultural barriers, embarrassment/fear, and perceptions of wasting doctors' time. [8] [9] [10] One approach to overcoming barriers towards cancer screening and early diagnosis is using lay health workers (LHWs), ie, any health worker carrying out functions related to health care delivery who does not have any formal professional of paraprofessional qualifications. 11, 12 LHW roles in a cancer context include providing education to raise cancer awareness and overcoming individual barriers to attending screening. Two LHW models have been proposed in the literature, differentiated by setting: community based and clinic/hospital based. 13 Although there is an overlap in tasks completed by both types of LHW, community-based health workers (CBHWs) act as a liaison facilitating initial access between individuals and health care settings. 12, 14 By contrast, LHWs based in clinic and hospital settings, commonly referred to as patient navigators, offer guidance to persons with an abnormal cancer screening test or a cancer diagnosis to access the cancer care system. 15, 16 The present review will focus on CBHWs only as they provide the earliest possible opportunity to promote early cancer diagnosis.
Several systematic reviews have examined the effects of CBHW interventions on cancer outcomes, most commonly cancer screening uptake. 13, [17] [18] [19] [20] [21] Two previous systematic reviews which applied metaanalytic techniques found that CBHWs can improve breast cancer screening uptake, with small effects of 1.05 11 and 1.06 22 reported.
Although these previous systematic reviews are useful, they have 4 limitations that the present research aims to address. Firstly, the searches in the previous systematic reviews were conducted some time ago (2001 and 2008) , so there is a need to update systematic review evidence in this area. Secondly, previous reviews that have included quantitative estimates of effects on screening attendance have only examined mammography uptake, one of several available screening programmes in many countries. Since then, more recent studies have examined the effects of CBHWs on other forms of screening, [23] [24] [25] potentially allowing quantitative estimates of the effects of CBHW interventions on these other kinds of screening.
Thirdly, previous reviews have not considered the use of theory underpinning intervention development on effectiveness beyond listing theories mentioned. Consequently, it is difficult to assess the extent to which these theories are used in the design, analysis, and interpretation of review results. Fourth, previous reviews have not assessed how the use of behaviour change techniques (BCTs) may enhance early detection outcomes. BCTs have been defined as "observable, replicable, and irreducible component(s) of an intervention designed to alter or redirect causal processes that regulate behaviour" (p82) 26 and have been shown to moderate the effects of interventions for other behaviours. 27 Thus, previous reviews have not clearly described the active intervention ingredients that CBHW interventions include.
The aim of the present review was to systematically identify and critically review studies that investigate the effectiveness of CBHWs in promoting outcomes pertinent to early cancer diagnosis including screening, symptom recognition, early detection, and help-seeking behaviour. Specific objectives were to:
a. determine the effectiveness of lay health led interventions in targeting outcomes related to early detection of cancer, with the expectation that screening uptake will be the likely focus considering previous reviews in this area. 
| Eligibility criteria
Studies were included in the review if they met the following criteria:
1. English-language research article published in a peer review journal. 
Participants: general population (≥18 years

| Theory application
The Theory Coding Scheme, 31 a coding framework developed to assess extent of behaviour change theory use, was used to code reported theory application in included articles. The framework consists of 33 questions which are rated "yes," "no," "don't know," or "n/a." It has previously been used in systematic reviews to code theory use based on intervention reports. 32 The Theory Coding Scheme assesses the extent to which intervention techniques are explicitly linked to theoretical constructs. A theoretical construct is defined as a concept within a theory which predicts behaviour and is amenable to change, eg, perceived susceptibility in the Health Belief Model. 33 Percentages were calculated to assess the number of studies scoring "yes" to each
question. An overall theory score (range 0-8) was calculated using the answers to items 3 to 11. 
| Behaviour change technique use
A hierarchical taxonomy of 93 BCTs was used to code the content of the interventions. 26 The most recent hierarchical list was used, with published definitions guiding coding for each technique. The lead coder (SB) completed the online training resource for the BCT taxonomy. A BCT was not coded as present unless the text explicitly linked the technique to both the named target behaviour and the named population. For example, "CBHWs helped participants identify their barriers to cancer screening and generated possible solutions to help overcome the barriers" adequately describes the problem solving BCT whereas stating that "barriers to cancer screening were discussed" is insufficient. Percentages were calculated to assess the proportion of studies using each BCT.
| Risk of bias
Using the Cochrane Collaboration's tool for assessing risk of bias, 34 a judgement of risk of bias was made for items related to randomization and blinding procedures, incomplete data assessment, selective reporting, and any other sources of bias. The additional guidance provided by the Cochrane Collaboration was followed when deciding between low, unclear, or high risk judgements.
| Statistical analyses
Meta-analyses of screening attendance measures were performed in Comprehensive Meta-Analysis 2.0. 35 To account for the expected heterogeneity between studies, a random-effects model was applied. 36 First, "adherence to cancer screening" was calculated as a pooled odds ratio (OR) comparing the total numbers of participants who had taken part in screening for breast cancer, colorectal cancer, or cervical cancer following CBHW interventions versus control conditions. Breast selfexamination (BSE) and/or clinical breast examination (CBE) adherence data were not classified as forms of cancer screening in these analyses.
Data from both medical records and self-report measures were used for analysis. Where studies had reported this separately, a mean OR was calculated for medical record and self-report data and used in the analysis. Similarly, where studies had reported multiple cancer screening outcomes, a mean OR was calculated from all eligible measures within each respective study.
The secondary outcome was "Uptake of cancer screening amongst non-adherent samples." "Non-adherent" refers to individuals, who at the time of participation in the study were non-compliant with age appropriate recommended schedules of cancer screening. Thus, "uptake" refers to the total number of non-adherent individuals who attended cancer screening after receiving a CBHW intervention (or control condition).
Data from those studies which included only non-adherent samples from the outset, and those studies which reported screening uptake among non-adherent sub-groups of standard samples were used.
Heterogeneity between studies was quantified as Cochran's Q (with respective P-value) and I 2 values. 37 Funnel-plots were generated to assess the possibility of publication bias influencing the main analyses, and Egger's test 38 and Begg and Mazumdar's test 39 were applied to quantify the risk of publication bias. Where either was significant, a trim-and-fill analysis was applied to recalculate the OR effect of CBHW interventions after removing all studies which could potentially be introducing publication bias. 40 Sensitivity analyses examined the size of main effects (1) only among trials with full outcome data or intention-to-treat analyses, and (2) when using only medical record data or self-report measures alone.
Subgroup analyses were used to investigate 4 potential moderators of overall intervention effect. Firstly, the extent to which effects of CBHW interventions on attendance were found for specific cancer types was examined, specifically breast cancer (mammography), colorectal cancer (any measure due to small number of included studies), or cervical cancer (Pap test), individually. As the BSE and CBE data still related to an outcome of interest (early detection of cancer symptoms), it was also included in this analysis. Secondly, moderator analyses considered which settings may be most effective for delivering CBHW interventions to improve cancer screening adherence: comparing pooled effect sizes of interventions delivered in the home, community, and those delivered by telephone only. A third subgroup analysis explored modes of delivery to assess which may be most effective to improve cancer screening adherence: comparing pooled effect sizes of interventions delivered individually, in a group format and those delivered using a combination approach (individual and group). 41 Finally, a mixed-effects meta-regression was performed to explore the relationship between 2 continuous moderators (number of BCTs applied and Theory Coding Scheme score) and intervention effect size.
3 | RESULTS
| Search results
The searches identified 2493 results; 123 full text versions were retrieved and assessed, of which 33 articles were eligible for inclusion (screening process in Figure 1 ).
| Included studies and participant details
Twenty individually randomized controlled trials and 13 cluster RCTs were included; 30 were conducted in the USA, 2 in a US-Mexico border region and one was conducted in Belgium. The majority of studies focused on female participants from ethnic minorities, with only 9 of the eligible studies including participants who were male (mean = 31.3%, range 16.4-50.0). The mean age of participants was more than 50 years in 17 studies, 10 studies had a mean age less than 50 years, and 6 did not specify the average sample age. The average length of follow-up across all studies was 6 months, ranging from immediately post-intervention to 24 months. For more key study characteristics, see Appendix S3.
| Selection and training processes
A selection process for the CBHWs was described in k = 7 (21%) studies, [42] [43] [44] [45] [46] [47] [48] which included assessment of desirable skills/experience, [44] [45] [46] personality characteristics, 42, 43, 45, 48 and practicalities such as availability. 43, 45, 47 Gender concordance of CBHWs with the target population was reported in k = 22 (67%) studies. [23] [24] [25] [42] [43] [44] [45] [46] [47] [48] [49] [50] [51] [52] [53] [54] [55] [56] [57] [58] [59] [60] CBHWs from the same cultural background as the target audience were selected in k = 18 (55%) studies. 23 
| Risk of bias
Overall, study quality was poor (see Appendix S4). Only 1 study had a published protocol. 67, 69 Therefore, the risk of bias for selective reporting was coded high for all remaining studies. Other areas of common bias were reliance on self-reported outcomes, inadequate blinding of key personnel, and attrition bias. Attrition rates larger than 25%
were reported in k = 10 (30%) studies. Random-effects meta-analyses found that CBHW interventions resulted in significantly greater uptake of overall cancer screening (see Figure 2 ) than control conditions (OR = 1.90, 95% CI = 1.60-2.26, P < 0.001), although there was considerable heterogeneity among study findings (Q = 199.9, P < 0.01, I 2 = 85.5%).
| Publication bias and sensitivity analyses
Although the risk of publication bias was not statistically significant according to Begg Further sensitivity analyses showed that CBHW interventions resulted in significantly greater adherence to cancer screening than control conditions when using only medical records 25, 47, 49, 50, 56, 58, 66, 72 (N = 8, n = 11 658, OR = 2.092, 95% CI = 1.36-3.21, P = 0.001) or selfreport data 24, 25, 42, 43, 46, 48, 51, 52, [55] [56] [57] [58] [59] [60] [62] [63] [64] 68 (N = 18, n = 8620, OR = 1.686, 95% CI = 1.40-2.03, P < 0.001).
| Effects of community-based health worker interventions on cancer screening uptake in nonadherent samples
We also examined the effect of CBHW interventions on uptake of any cancer screening among non-adherent samples (see Appendix S5).
Across 20 studies with 12 769 previously non-adherent individuals, CBHW interventions resulted in significantly greater likelihood of P < 0.001). However, there was statistical evidence of both betweenstudy heterogeneity (Q = 149.1, P < 0.01, I 2 = 87.3%) and publication bias (Egger's t = 2.33, P = 0.03). Nonetheless, the results still significantly favoured LHW interventions after applying the trim-and-fill analysis (N = 9, OR = 1.58, 95% CI = 1.19-2.09).
| Factors associated with intervention efficacy
Further analyses were performed to examine effects of CBHW interventions on the primary outcome (ie, adherence to cancer screening) when (1) focusing on specific cancer screening types, (2) comparing different settings of delivery, (3) comparing different modes of delivery, and (4) number of BCTs used in interventions (see Table 2 ). screening by only OR = 1.66 (k = 17, n = 15 433, 95% CI = 1.34-2.05, P < 0.001), although the difference between high and low BCT subgroups fell short of statistical significance (Q = 3.613, P = 0.057).
The finding of poor theory application precluded assessment of theory score as a moderator variable. 
| Strengths and limitations
The findings of this review build upon the results of previous smaller reviews examining mammography screening only. 11, 22 This review has been the first to illustrate the effectiveness of CBHW interventions across all types of cancer screening and other measures of early detection (BSE and CBE). This allows the present review to draw conclusions relating to the efficacy of CBHW interventions across screening for breast, cervical and colorectal cancer. Further, the present review has been the first to apply the BCT taxonomy and Theory Coding Scheme to cancer specific CBHW interventions.
A limitation of the present review was that, as many terms are used to describe CBHWs, it may be possible that we did not extract all relevant articles in the existing literature. However, to avoid this, a systematic, comprehensive electronic search was conducted using 45 different terms for CBHW after a consultation with a trained health science librarian. The present review identified many more studies than did previous systematic reviews and included studies identified by these previous reviews, indicating that this was not a major problem.
There were however, limitations of the primary evidence base that the present review has identified, but which limit the conclusions that can be drawn. First, substantial heterogeneity was found across the analyses. This between-study heterogeneity is unsurprising, given the clear differences between CBHW interventions in terms of the intervention components used, cancers screened for, guidelines in place at screening, populations studied, and outcome measures applied, all FIGURE 2 Meta-analysis of cancer screening adherence following CBHW interventions in comparison to control conditions. Box size represents study weighting. Diamond represents overall effect size and 95% confidence intervals.
sources of heterogeneity which are typical to meta-analytic research.
Although this heterogeneity was statistically accounted for by the random-effects model applied, it is acknowledged that the strength of the conclusions from this review are limited as a result. Second, the research base itself was limited to cancer screening outcomes, and heterogeneity prevented the combination of secondary outcome data into meaningful categories to examine effectiveness of CBHW interventions in other areas of early cancer diagnosis awareness (eg, knowledge, intention, self-efficacy). It was also notable that all but one of the included studies were implemented in the USA, and therefore caution is needed to generalize and apply findings to countries with different health care systems, cancer screening guidelines, and ethnic compositions.
The review identified several methodological biases present in the primary studies; high rates of attrition, reliance on self-reported outcomes, and failure to report blinding which could have contributed to biased estimates of interventional efficacy. However, it is important to note that there is an inherent difficulty with blinding in trials assessing the effectiveness of CBHWs. In the majority of cases,
CBHWs recruit participants from their own social networks/communities as shared characteristics between the CBHW and the audience facilitate learning and increase the likelihood that participants will model the desired behaviour. 73 Therefore blinding may interfere with one of the presumed mechanisms of effectiveness. Nevertheless, sensitivity analyses suggested that these methodological limitations did not unduly affect the overall conclusions. Furthermore, publication bias was indicated, but after removing studies with smaller sample sizes, improvements in screening attendance in CBHW conditions remained significant.
| Interpretation of main findings
This study has been the first to illustrate the effectiveness of CBHW interventions beyond mammography screening. Furthermore, this meta-analysis yielded higher ORs than previous reviews (1.90-2.40), indicating larger effects of CBHW interventions than previous reviews have suggested. 11, 22 Subgroup analyses revealed similar effects for breast, cervical, and colorectal cancer screening.
The review provides an updated description of CBHW training characteristics, crucial to the successful implementation of CBHW interventions. 74 Marked heterogeneity was present in the reporting of selection and training processes in CBHW literature. A conceptual model has been proposed to standardize the reporting of such processes in the future. 75 This transparency will facilitate learning for future intervention development. However, how training content is selected remains unclear, and the lack of readily reported information about components of training hinders the development of evidence based training packages. found to most frequently provide practical support to participants, resolve barriers, and prompt the desired behaviour. There was a trend (P = 0.057) towards the use of BCTs being positively associated with intervention effectiveness; larger effect sizes were observed in studies using more than 4 BCTs (OR = 2.27) compared with those using 3 or fewer (OR = 1.66). Given that few BCTs were generally used, this would have reduced the association between BCTs and effectiveness, due to a lack of range. Given this, at the least, the inclusion of more BCTs should be considered in future studies, to examine whether this results in increased intervention effectiveness.
Of note was the exclusive emphasis on cancer screening behaviour observed in this review. Half of the included studies measured secondary outcomes related to knowledge, but this was limited to awareness of screening procedures, the benefits of early diagnosis, and cancer risk factors. International comparisons have reported greater endorsement of barriers to help-seeking in UK adults, [7] [8] [9] 79 in particular regarding the perception of not wanting to waste the doctor's time or cause a fuss. 80 Despite public awareness campaigns increasing cancer symptom awareness, GP approachability remains a barrier to early engagement with primary care, 8 and a lack of engagement is more pronounced in lower socioeconomic groups. 81 This suggests that broadening the CBHW remit to increasing symptom recognition and promotion of help-seeking behaviour is a worthwhile avenue to pursue, particularly in a UK context where barriers to help-seeking remain high.
| Implications and future research directions
This review has demonstrated that CBHW interventions are a promis- However, substantial work is still needed to fully elucidate the conditions key to intervention effectiveness using methodologically sound studies in different populations. As such, the following recommendations for future research are made:
a. Guidelines such as the Template for intervention description and replication (TIDieR) 82 should be used more to increase transparency and facilitate learning between researchers. This would contribute to the identification of key mechanisms of behaviour change, the most effective components of training packages and reduce heterogeneity prevalent across studies. e. Exploratory work should be conducted to assess the feasibility of using CBHWs to increase symptom awareness and promote helpseeking behaviour.
| CONCLUSIONS
In conclusion, this review has found that CBHWs are an effective resource for increasing cancer screening uptake, particularly for those previously non-adherent with recommended schedules of cancer screening. It is yet unknown whether CBHW interventions are an effective approach for other areas of early diagnosis including symptom awareness and help-seeking behaviour. The number of explicitly described BCTs used was found to be positively associated with effect size, although this did not reach statistical significance. At present, these conclusions are almost entirely limited to the US health care context and ethnic composition and limited by poor methodological quality and substantial heterogeneity. As such, it remains unknown whether the effectiveness of CBHW interventions would translate to different countries or other areas pertinent to early cancer diagnosis such as help-seeking behaviour.
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